ABSTRACT: Samples from 17 free-ranging hunter-killed grey brocket deer (Mazama gouazoubira) in the Gran Chaco, Bolivia, were collected during June-August 1999. All 17 deer appeared to be in good condition at the time of death. Gross necropsies were performed, serum was collected for serologic evaluation of selected infectious disease agents, and feces and ectoparasites were collected for evaluation of internal and external parasites. Serologic tests were positive for antibodies against bovine respiratory syncytial virus and four Leptospira interrogans serovars, with questionable results for epizootic hemorrhagic disease virus serotypes 1 and 2. No antibodies were detected to Anaplasma marginale, Babesia bigemina, Babesia bovis, Babesia odocoilei, bluetongue virus (serotypes 2, 10, 11, 13, and 17), bovine viral diarrhea virus, Brucella abortus, foot-andmouth disease virus, infectious bovine rhinotracheitis virus, Mycobacterium avium subsp. paratuberculosis, and parainfluenza-3 virus. Sixty-four percent (7/11) of the deer had endoparasites. Amblyomma spp. ticks were found on seven deer, flies of the family Hippoboscidae on six deer, and lice on six deer.
Information on the health of captive and free-ranging brocket deer (Mazama spp.) is limited (Duarte et al., 2001) . The majority of this literature is on ecto-and endoparasites of Mazama spp. To the authors' knowledge, no comprehensive disease survey of free-ranging grey brocket deer (Mazama gouazoubira) has been published.
The six species of Mazama, found primarily in woodland and forest, are distributed throughout Central and South America and are an important food source for jaguar (Panthera onca), puma (Felis concolor), and humans (Eisenberg and Redford, 1999) . In the Gran Chaco, Bolivia, grey brocket deer are common, and the conservation status of this species is considered to be ''low risk'' (Rumiz, 2002) .
The objective of this study was to evaluate serologic evidence of infectious disease exposure in grey brocket deer. Ancillary health-related findings of grey brocket deer also were documented.
The Chaco ecosystem is a generally short (3-5 m canopy with emergents 8-15 m tall), dense, and thorny forest (Taber et al., 1997) . Hunting is illegal in the Kaa-Iya National Park, but is extensive in the neighboring indigenous territory of the Izozog, with grey brocket deer being the principal prey species for subsistence hunters (Cué llar, 2000) . Large-scale commercial cattle ranching is present in the region, as is the presence of small herds of cattle. The study area includes all the 24 Izoceñ o communities in the Bolivian Chaco, together with their irrigated fields and domestic animals (goats, cattle, chickens, dogs, cats, and pigs). In addition to the presence of domestic species in the Chaco, there is a high level of species diversity, including at least 10 endemic mammal species and three deer species, including grey brocket deer, red brocket deer (Mazama americana), and pampas deer (Ozotoceros bezoarticus) (Taber et al., 1997) . Mazama americana and O. bezoarticus are not known to occur in our study area.
All brocket deer were sampled from June to August 1999 in the Gran Chaco, . The 17 free-ranging deer were hunted within the Izozog indigenous territory adjacent to the Kaa-Iya National Park (Fig. 1 ). Brocket deer were approached on foot and shot by an Izoceñ o-Guaraní hunter with a 16-gauge shotgun or a .22 caliber rifle. Blood samples were collected within minutes of death by cardiac centesis. Body weight was taken with either a 12-or 50-kg spring scale, and age was determined by body size and molar wear (Maffei and Beccera, 2000) . Gross necropsy was performed in the field within 2 hr of death. Fecal samples (nϭ11) were collected manually from the colon or rectum and preserved in 10% formalin. Ectoparasites (nϭ11) were collected and stored in 70% isopropyl alcohol. Representative tissue samples were collected for histologic evaluation and preserved in 10% buffered formalin.
Immediately following cardiac centesis, blood was placed in serum separator tubes (Corvac, Sherwood Medical, St. Louis, Missouri, USA). The sample tubes were placed in the shade until clot formation, and sera were separated by centrifugation in a portable 12-V centrifuge (Mobilespin, Vulcan Technologies, Gransview, Missouri) at 3,000ϫG for 15 min and stored in liquid nitrogen. Serum samples were exposed to 30 Gy of gamma irradiation during importation to the United States. Small aliquots of serum were removed prior to irradiation for foot-and-mouth disease (FMD) virus antibody testing.
Serologic testing for FMD was conducted at the US Foreign Animal Disease Diagnostic Laboratory (USDA, APHISSaddle Lab, New York, New York, USA) by the virus infection-associated antigen test (VIAA; McVicar and Sutmoller, 1970) . Leptospira interrogans (18 serovars) antibody testing was conducted at the New York State Veterinary Diagnostic Laboratory (Cornell University, Ithaca, New York) by the microagglutination test (Cole et al., 1973) . Indirect immunofluorescence assays (IFAT) for detecting antibodies to Anaplasma marginale (Tibitts et al., 1992) , Babesia bigemina, Babesia bovis, and Babesia odocoilei (Goff et al., 1993) were performed at Animal Disease Research Unit (USDA Animal Disease Biotechnology Facility, Washington State University, Pullman, Washington, USA). Serum neutralization (SN) tests for detecting antibodies to bovine respiratory syncytial virus (BRSV; Gillette, 1983) , bovine viral diarrhea (BVD) virus (Edwards, 1990) , infectious bovine rhinotracheitis (IBR) virus (Assaf et al., 1975) , and parainfluenza-3 (PI-3) virus (Kadoi et al., 1998) Stallknecht et al., 1995) , used to detect antibodies to bluetongue (BT) virus, Brucella abortus, and epizootic hemorrhagic disease (EHD) virus, respectively, were also conducted at the Diagnostic Laboratory, Oklahoma State University. Mycobacterium avium subsp. paratuberculosis antibody testing by AGID (ImmunCell Corp., Portland, Maine, USA) was performed at the Texas Veterinary Medicine Diagnostic Laboratory (College Station, Texas, USA). Bluetongue virus serotypes 2, 10, 11, 13, and 17 and EHD virus serotypes 1 and 2 antibody testing conducted using AGID (Veterinary Diagnostic Technology, Inc., Wheat Ridge, Colorado, USA) and SN (Stallknecht et al., 1995) was performed at the Southeastern Cooperation for Wildlife Disease Studies (College of Veterinary Medicine, Athens, Georgia, USA).
Fecal samples were examined by direct microscopic examination, sodium nitrate flotation, and sedimentation methods at the New York State Veterinary Diagnostic Laboratory. Adult ticks were identified on the basis of external morphology with the keys of Jones et al. (1972) . Hippoboscidae flies were identified on the basis of external morphology with the key of Maa (1969) . Voucher specimens are deposited All 17 deer (nine males, eight females) were judged to be in good body condition at the time of collection. Three of seven adult females were pregnant. All fetuses were in good condition. One male had a fibropapilloma on its chin.
Prevalence of cysticerciasis was high.
Forty-seven percent of the deer had cysts, 12% in lung, 18% in liver, and the remaining cysts in omentum and mesentery. Seven of 11 deer had endoparasites based on fecal examination. Four deer had Moniezia sp.; one had Eimeria sp.; one had Eimeria sp. and strongyles; and one had Moniezia sp., strongyles, and Trichuris ovis. Ectoparasites were present on 50% of the deer. Amblyomma spp. ticks were found on seven deer, Lipoptena mazamae flies of the family Hippoboscidae on six deer, and unidentified lice on six deer. Adult ticks were determined to be Amblyomma parvum and Amblyomma pseudoconcolor. However, a number of deer had Amblyomma spp. nymphs and larvae that could not be identified to species. Serologic evidence of exposure to potential pathogens is summarized in Table 1 .
The general body conditions of all the deer were judged to be good. Forty-two percent of the adult females were pregnant, which is lower than the 83% reported in a study conducted in the Paraguayan Chaco (Stallings, 1986) . Differences between these two studies might be related to season, although brocket deer are believed to breed year-round throughout their range (Stallings, 1986) . A single animal had a cutaneous fibroma, which is a common neoplastic condition of whitetailed deer (Odocoileus virginianus) and other cervids and is of viral origin (Davidson and Nettles, 1997) . To the authors' knowledge, this is the first time a fibropapilloma has been reported in a brocket deer.
On the basis of gross findings, the most likely cause of the cysticerciasis is Taenia hydatigena. Adults of T. hydatigena are found in the intestines of canids and other carnivores, whereas the larval stage is found most commonly attached to the mesentery, omentum, and serosal surface of abdominal organs of ruminants (Smith and Sherman, 1994) . Although Taenia spp. are not of public health concern, the adult stage of the closely related Echinococcus spp. tapeworms have zoonotic potential and can cause serious disease in humans (Hildreth et al., 1991) . Echinococcus spp. is another possible cause of the cystic lesions present in the brocket deer in this study. Therefore, it would be beneficial to conduct further studies to determine the species of tapeworm in carnivores and the brocket deer.
Endoparasites we detected in feces of the brocket deer are not known to be pathogenic for adult domestic small ruminants at the levels present in these deer (Smith and Sherman, 1994) . Additionally, all these parasites have been reported in white-tailed deer (Prestwood and Pursglove, 1981) . Presence of ticks, lice, and flies is common at low levels in many freeranging ungulate populations, and at the levels we detected, they are most likely not significant. Amblyomma spp. ticks have been reported on Mazama spp. in other regions (reviewed in Duarte et al., 2001) . Deer had evidence of exposure to three of 14 infectious agents for which they were tested. Two brocket deer had antibodies to BRSV. We do not know the implication of this finding; respiratory syncytial virus infections of nondomestic ruminants might be subclinical or result in pneumonia (Van Campen and Early, 2001) .
Evidence of exposure to L. interrogans was found in deer sampled in this study. Five of 11 deer had antibodies to four serovars: autumnalis, ballum, icterohaemorrhagiae, and sejroe. Although studies have found some L. interrogans serovars to be pathogenic to deer (Tainer et al., 1961; Abdulla et al., 1962) , we do not know whether the serovars we detected cause illness in brocket deer.
We did not find clear evidence of EHD virus exposure in this survey. There are reports of exposure to EHD virus in brocket deer in Latin America (Arita, 1996; Pandolfí et al., 1998) . Further studies to determine exposure of deer to this agent in the Gran Chaco is warranted because EHD virus is a significant cause of morbidity and mortality of some deer populations (Nettles and Stallknecht, 1992) .
Negative antibody results for A. marginale, B. bigemina, B. bovis, B. odocoilei, BT virus, BVD virus, B. abortus, FMD virus, IBR virus, M. avium subsp. paratuberculosis, virus cannot be interpreted as a lack of exposure in this population to these pathogens because of our small sample size. Additionally, diagnostic tests we employed have not been standardized for use in brocket deer, so the sensitivity and specificity of these tests in this species are unknown. It is possible that these diseases are highly virulent in brocket deer (e.g., FMD); thus, infected animals die prior to mounting an immune response and would not be present in the population at the time of sampling.
This limited study provides the most comprehensive disease survey of freeranging grey brocket deer to date. The grey brocket deer is widespread in South America, and the findings of this study do not necessarily reflect the health status of other populations. More work needs to be done to understand the health status of this species because of its importance as a prey item for jaguar and puma and as a protein source for various human populations. Studies must be conducted with much larger sample sizes.
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